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Introduction
Alpine vegetation is adapted to the specific natural conditions such as diversified relief and bedrock, resulting in varied soil properties, dynamic meso-and microclimate, and so on. Balance between alpine vegetation and its environment is fragile (Kliment, Valachovič, 2007) , and change in environment factors leads to the changes in composition and structure of vegetation species.
Changes in temperature are crucial for alpine vegetation. It is accompanied by migration of vertical plant species (Klanderud, Birks, 2003; Pauli et al., 2007; Wilson, Nilsson, 2009; Grytnes et al., 2014; Kyyak et al., 2014) hand in hand with the increase in plant species Vol. 38, No. 4, p. 318-335, 2019 DOI:10.2478 /eko-2019 from Kasper peak meteorological station (Fig. 2) , located 11 km east from Bystrá peak at an altitude of 1,987 m, to specify the development of the mean annual temperature in the study area. Changes in the values of meteorological elements from this station was analyzed by Czortek et al. (2018) , who performed linear regression models using ANOVA to find whether there is a relationship between the year of observation and chosen climate variables (Table  1 ). According to their results, the mean annual temperature on Kasper peak increased significantly by 1.30 °C during the monitoring period. This increase in temperature was driven by an increase in mean minimum rather than mean maximum annual temperature. The number of days with rain has increased significantly by about 43 days here, and the growing season has extended significantly by about 20 days (Czortek et al., 2018) . Study area was intensively grazed by cattle and sheep since the 13th century, which is associated with the period of Wallachian colonization. The damping of pastoral activities in the early 1980s was connected with adding a section of the Western Tatras to the Tatra National Park, while grazing was definitely excluded from the study area in 1986.
Communities of alliance S. herbaceae are the first to occupy snow soils. They prefer flat or slightly inclined habitats, which are covered by snow for about 8-10 months during year. Habitats of Festucion picturatae communities are situated on stabilized scree slopes with an inclination of 20°-50°, not with long-term snow cover (6.5-7.5 months) (Dúbravcová, 2007) . These two floristically poor snowbed communities are most threatened by longer annual snow-free period, resulting from an increase in the mean annual temperature and a decrease in the number of days with snowfall (Carbognani et al., 2014; Pickering et al., 2014; Sandvik, Odland, 2014; Matteodo et al., 2016) .
T a b l e 1. Climate changes in the Kasprowy Wierch metorological station (significance level: 0.05*) (Czortek et al., 2018) . 
Variables

Data collection
The assessment of changes in plant communities was based on a pair comparison of historical and current relevés.
In 2016-2018, we resampled historical relevés from 1973 to 1976 (Turečková, 1974; Dúbravcová, 1976) , stored in the Central database of phytocoenological relevés (CDF) (Hegedüšová, 2007; Šibík, 2012) . Localization of the study sites was based on the header data of historical relevés. If the site conditions did not comply with the localization notes in the headers, we chose the study area at a maximum distance of 50 m from the probable center of the historical plot.
In the case of longer distance, relevés were not resampled. The methods of Zürich-Montpellier School of Phytosociology (Braun-Blanquet, 1964) were used to study the plant communities. The 7-degree Braun-Blanquet scale was used to estimate the species coverage. Vascular plant nomenclature was modified according to Marhold and Hindák (1998) ; cryptograms are not included. A major part of the phytocoenological relevés was published in our previous study (Palaj, Kollár, 2017) . Our syntaxonomical classification of the studied vegetation follows Jarolímek et al. (2008) . For the storage of vegetation data, we used Turboveg (Hennekens, Schaminée, 2001) , and for its editing and post-processing, we used the Juice program (Tichý, 2002) .
Data analyses
We use relative frequency change to assess the changes in species composition of snowbed communities. Special emphasis is placed on the frequency and abundance changes of species indicating the grazing to evaluate the effect of cessation of pasture in the 1980s. These indicators are defined by the statistical significance of the relationship between species occurrence/abundance and grazing presence of sites. For determining the level of influence, we use 125 relevés sampled by Horák (1970) who specified the absence/presence of grazing. These data are analyzed using the Indicspecies R package (De Cáceres, Legendre, 2009), and changes in species abundance are tested with t-test.
Shannon-Wiener (SW) (Hill, 1973) and evenness indices (Pielou, 1966) are calculated for all historical and current relevés, and the values are depicted in the box plots using R package reshape2 (Wickham, 2007) . Historical and current site conditions are estimated by bioindication using EIV with the Juice software (Tichý, 2002) . We focus on the relationship between species and ecological factors, such as light, temperature, continentality, moisture, soil reaction, and nutrients with species abundances included. The box plots (Wickham, 2007) show the results, and the paired t-test was performed using RStudio software (R Core Team, 2017). Relevé (dis)similarity is estimated by nMDS indirect ordination methods with the function metaMDS of RStudio Vegan package (Oksanen et al., 2017) . Analysis is performed on log-transformed data using Bray-Curtis dissimilarity matrix. We allow the algorithm to ordinate in three dimensions (k=3) to reduce the stress value equal to or below 0.1, which indicate good results (Hebák et al., 2007) . Finally, we use envfit function (Oksanen et al., 2017) to fit environmental factors onto an ordination. The projections of points onto vectors have maximum correlation with corresponding environmental variables, and the factors show the averages of factor levels.
To assess the impact of environmental factors on diversity of communities, we use linear mixed-effect models (Gellman, Hill, 2007; Winter, 2013) . Diversity is predicted by fixed effect factors-grazing status of study sites and EIV. As a random effect, we use relevé affiliation to the study sites. The variable "grazing status" includes only the absence and presence of grazing and is determined by the availability of the study site for the livestock. According to Cook (1966) , Wilcox and Wood (1988) , Crofts and Jefferson (1999) , Coldea (2003) , Ditsch et al. (2006) , Baur et al. (2007) , and Catorci et al. (2012) , livestock is able to graze only areas with inclination not exceeding 35°. To identify such areas, we created a vector layer from the digital elevation model (10 m) using QGIS module Terrain Analysis (QGIS Development Team, 2019) and overlapped it with the study site coordinates.
Results
Changes in phytodiversity
As a first step, we identified species that we consider to indicate grazing to separate changes triggered by climate change and land use (grazing cessation). These are as follow: Anthoxanthum alpinum, Deschampsia cespitosa, Nardus stricta, Omalotheca supina, and Phleum rhaeticum. Except for Nardus stricta, all of them show decrease in their frequency. In addition, Anthoxanthum alpinum, Deschampsia cespitosa, and Phleum rhaeticum decreased even in their abundance. However, paired t-test at a 0.05 level of significance did not show any statistically significant differences (Table 2) . T a b l e 2. Changes in abundance and frequency of indicator species and results of the paired t-test. Notes: F h -frequency in group of historical relevés (%); F c -frequency in group of current relevés (%); A h -average non-zero abundance in group of historical relevés (%); A c -average non-zero abundance in group of current relevés (%).
Indicator species F h F c A h A c t-value p-value
In summary, we recorded 50 species of vascular plants, while both Turečková (1974) and Dúbravcová (1976) recorded only 45 species. Also phytodiversity parameters such as SW index and equitability show some differences between historical and actual data set ( Fig.  3 ). However, these changes are not statistically significant, except for the average number of species per relevé in Salicion herbaceae dataset with its increase from 9.14 to 11.29 (Table 3) .
Relevés of Festucion picturatae alliance show distinct decrease in the frequency of the most of alliance diagnostic species, such as Doronicum stiriacum (-80%), Soldanella carpatica (−80%), 
Atribute
Festucion picturatae Salicion herbaceae Mean h Mean c t-value p-value Mean h Mean c t-value p-value
Phytoindicated changes in environment conditions
Phytoindicated changes in the environment of Festucion picturatae alliance (Fig. 6 ) include statistically significant increase in the temperature and decrease in light. The average values for light decreased from 7.17 to 6.91 (Table 3) . Such shift is caused by the decrease in some light-demanding species (Avenula versicolor, Dichodon cerastoides, Oreochloa disticha, Phleum rhaeticum, Potentilla aurea, Sedum alpestre) and the increase in abundances of some relatively shadow-tolerant species (Avenella flexuosa, Homogyne alpina, Solidago virgaurea subsp. minuta, and Vaccinium myrtillus). Data on Salicion herbaceae alliance revealed some increase in temperature, soil moisture, and soil reaction and decrease in light; however, these changes were not statistically significant by paired t-test.
Ordination plot of historical and recent relevés
NMDS plot (stress 0.10) shows clustering of two groups of Festucion picturatae relevés, especially along the second axis (Fig. 7) . Most of the historical data are on the right side of the biplot, while the current ones are located mostly on the left side. However, except for sites 2, 31, 32, and 36, relevés of the other sites are mixed on the plot, which suggests small difference in species composition between the two sampling times. On the study site 2, we recorded a relatively high increase in soil nutrient factor (from 2.38 to 2.65); site 31 shows a decrease in light (from 7.94 to 7.52). The differences observed in the species composition of historical and current relevés in sites 36 and 32 are caused by the decrease in the light variable and the decrease in the number of species. Figure 8 illustrates that nMDS ordination distinctly separated the historical and current relevés of Salicion herbaceae alliance. At the top of the biplot (stress 0.09), current relevés are predominant, while historical ones are mainly situated at the bottom. Almost all relevés are located on the periphery of the ordination diagram, only a historical relevé from the site 30 is situated in the center of the configuration. Sites 3, 8, and 30 show the biggest differences in species composition. Long distances between historical and current relevés in sites 3 and 8 follow soil nutrient gradient. We recorded an expansion of nutrient-poor soil species (Juncus trifidus, Oreochloa disticha, and Vaccinium gaultherioides) and a decline in nutrient-rich soil species (Dichodon cerastoides, Ligusticum mutellina, Phleum rhaeticum, Poa alpina, P. granitica, and Veronica alpina) here. Changes in species composition indicate decrease in light and increase in temperature. Distance between historical and current relevé in site 30 is due to the increase in SW index (from 1.57 to 2.20) and evenness index (from 0.63 to 0.78).
Impact of phytoindicated environment conditions and grazing on the phytodiversity
According to the results of mixed effect models (Table 4) , SW of Festucion picturatae alliance is significantly affected by 3 factors: temperature, continentality, and nutrients. In addition to these, light factor also contributes to the changes in values of SW index. Each increase in the value of light, temperature, and nutrients by one unit decreases the value of SW index. Light affected SW (p=0.105), lowering it by about 0.545 (±0.320 standard errors); temperature (p=0.006) decreases it by about 0.833 (±0.265); and nutrients affected SW (p=0.002), lowering it by about 0.637 (±0.176). This effect is most visible on study site 32, where we observed an increase in the values of all three variables with a simultaneous decrease in the values of SW index. Probably, the biggest impact from all factors has temperature, whose change in values has the opposite character (increase/decrease) as a change in values of SW index on 11 of 14 sites. The change in temperature is mainly represented by its increase, which is the result of the expansion of thermophilous species on study sites, for example, Achillea millefolium, Bistorta major, Juncus filiformis, and Viola lutea ssp. sudetica.
In the case of the Salicion herbaceae alliance, none of the factors has a statistically significant effect on the SW diversity index. However, the impact of the temperature can be considered quite marked. Each increase in the values of this factor by one unit results in a decrease in the SW T a b l e 4. Results of linear mixed-effect models. SW index is used as a dependent variable. Diversity is predicted by fixed effect factors -grazing status of study sites and EIV. As a random effect is used relevé affiliation to the study site (significance level: 0.05*).
Alliance
Factors 
Discussion
Festucion picturatae communities are considered to be permanent under stable ecological conditions. On the contrary, this vegetation become sensitive with changes, especially those linked to the climate (Carbognani et al., 2014) . It complies with our research, which revealed penetration of species from adjacent habitats as did Carbognani et al. (2014) in the Rhaetian Alps. Of these, mainly species of Calamagrostion villosae alliance occur as Dúbravcová (2007) expected for the Tatra Mts. as well as Nardus stricta. Its obvious increase in the frequency does not comply with natural evolution accompanied by its decrease in the area with grazing reduction or cessation (Austrheim et al., 2007; Speed et al., 2014; Korzeniak, 2016) . Owing to the significant decrease in other species indicating grazing (Anthoxanthum alpinum, Deschampsia cespitosa, Omalotheca supina, and Phleum rhaeticum) along with an increase in diagnostic species of Nardion strictae alliance (Carex sempervirens, Agrostis rupestris, Gentiana punctata, and Hieracium alpinum), it can be assumed that the increase in Nardus stricta is a result of climate change.
Good adaptability of N. stricta to the increased temperature is also evidenced by the simulation of climate change in Harz Mts. (Bruelhide, 2003) . Increased frequency of N. stricta was also reported by Kanka et al. (2011) , Kollár et al. (2016) , and Matteodo et al. (2016) , who as well as Kudernatsch et al. (2005) Pickering et al. (2014) , and Sandvik, Odland (2014) confirmed the increase in species of alpine communities with the increase in temperature. This is, in compliance with Norton et al. (2009) , in conflict with our findings.
Despite these changes, both historical and current physiognomy is determined by same dominant species, such as Festuca picturata and Luzula alpinopilosa ssp. obscura with no obvious changes in the frequency and abundance. This is also confirmed by nMDS ordination, which showed similarity in relevés from both periods. Besides the above-mentioned reasons, differences were observed for less-abundant species such as decrease in light-demanding species (Avenula versicolor, Dichodon cerastoides, Potentilla aurea, and Soldanella carpatica) and increase in relatively thermophilous species (Bistorta major, Homogyne alpina, and Juncus filiformis), and reptile small shrubs (Vaccinium gaultherioides and V. myrtillus). Generally, increase in small shrub in snowbeds is assigned to shortened period with snow cover and prolongation of vegetation period (Klanderud, Birks 2003; Cannone et al., 2007; Elmendorf et al., 2012; Grytes et al., 2014; Vanneste et al., 2017) .
Communities of Salicion herbaceae alliance are, as those of Festucion picturatae, also sensitive to climate conditions (Carbognani et al., 2014) . They are made of chinophilous species with optima in sites covered by snow for about 8-10 months (Krajina, 1933) . Gradual truncation of snow cover thickness and lasting in the European alpine landscape, including Tatra Mts. (Czortek et al., 2018) , has a crucial impact on the disappearance of snowbeds and their species (Pauli et al., 2007; Kobiv, 2017 Kobiv, , 2018 . Decline or even loss of such species, for example, Dichodon cerastoides and Veronica alpina, was also reported in the Romanian Carpathians (Micu, 2009 ).
In addition, also relatively hygrophilous species follow this trend, because precipitation in the summer decreased in the past decade, despite its annual amount increased (Čepčeková, 2013) . This phenomenon was also observed in the Carpathians in Ukraine (Balabukh, Lukianets, 2015; Kobiv, 2018) and, along with temperature increase and associated higher evaporation, it causes decrease in some relatively hygrophilous species (Juncus filiformis, Omalotheca supina, Poa granitica, and Sedum alpestre). Most of the study sites are dominated by Salix herbacea. We observed significant decrease in its abundance. This reptile small shrub is adapted to the short vegetation period and drops leaves in the break of August and September.
However, because of the climate change, temperature stays relatively high in this period. This prolonged vegetation period promotes some strong competitors (Kobiv, 2018) . Of these, we observed increase in frequency of Festuca picturata and abundance of Luzula alpinopilosa. Partly, it confirms the assumption that communities dominated by S. herbacea are changing into the Festuca picturatae communities (Dúbravcová, 2007) . In addition, we recorded significant increase in Vaccinium species, also assigned to the truncation of period with snow cover and prolongation of vegetation period (Klanderud, Birks, 2003; Cannone et al., 2007; Elmendorf et al., 2012; Grytes et al., 2014; Vanneste et al., 2017) .
The most distinct difference between changes in the observed alliances is in the change in some diversity parameters. An increase in number of species recorded in Salix herbaceae is assigned to the penetration of eurytopic species and the decrease in ecological specialists (Jurasinski, Kreyling, 2007; Britton et al., 2009; Ross et al., 2012; Carbognani et al., 2014) . Thus, this vegetation resembles alpine grasslands much more than 50 years ago (Matteodo et al., 2016) . On the other hand, Festuca picturatae alliance shows a decrease in the average number of species per relevé and SW index as well as increase in temperature according to the EIV.
As suggested by Matteodo et al. (2016) , these changes may be a result of (1) real loss of species on the sites in time; (2) more precise historical sampling than that of recent; and (3) inaccurate localization of historical sites. The last reason can be omitted, as did Matteodo et al. (2016) , because same trend was observed in almost all the study sites. The second one is associated with rare species, not for those we found to significantly decrease in the numerous sites (Anthoxanthum alpinum, Avenula versicolor, Campanula alpina, Cerastium fontanum, Phleum rhaeticum, Ranunculus pseudomontanus, Soldanella carpatica, and Sedum alpestre).
Therefore, the decrease in diversity parameters on the Festucion picturatae sites is probably caused by the denser coverage of plants compared to Salicion herbaceae communities. Windmaißer and Reisch (2013) reported that such vegetation structure leads to the competition of light and soil resources; thus, the penetration of new species is restrained. Also, according to Olsen and Kladerud (2014) , communities poor in species (S. herbaceae) are more predisposed to penetration of new species than the species-rich ones (Festucion picturatae). The decrease in the diversity of F. picturatae may be affected also by grazing cessation (Baur et al., 2007; Kucharzyk, Augustyn, 2010; Vassilev et al., 2011) despite its impact on SW index was not found to be statistically significant.
Vegetation of both alliances has some trends in common. We observed a decrease in small species, which were replaced by tall species resulting in lower light income as did Tilman (1988) and Sammul et al. (2000) . This change in vegetation vertical structure is linked to the expansion of more thermophilous species reported from several European mountains (Klanderud, Birks, 2003; Pauli et al., 2007; Erschbamer et al., 2011; Kyyak et al., 2014) . It is assigned to climate warming having impact especially on small cryophilous and chinophilous species (Pauli et al., 2007; Micu, 2009; Kobiv 2017) .
Their decline is caused not only by the increase in temperature leading to overheating of plant tissues (Dahl, 1998; Kobiv, 2018) but also by strong competitors such as grasses and small reptile shrubs from lower altitudes or adjacent habitats (Abeli et al., 2012) . Common phenomenon for both snowbed vegetation types is also the increase in relatively xerophilous species, which results from shorter period with snow cover. It is in compliance with the findings from Daniëls et al. (2011 ), Carbognani et al. (2014 , Balabukh, Lukianets (2015) , Czortek et al. (2018) , and Kobiv (2018) .
Changes in alpine vegetation are induced also by grazing cessation. Similar to climate warming, it promotes the growth of small reptile shrubs and competitive grasses, which results in denser vegetation coverage and suppressing of small species (Pakeman, 2004; Kobiv, 2014; Kyyak et al., 2014) . Expansion of Avenella flexuosa results from the synergistic effect of both grazing reduction/cessation (Pakeman, 2004) and temperature increase (Press et al., 1998; Patsias, Bruelheide, 2013) . Its significant expansion, sometimes lasting only limited period (Hulme et al., 1999; Velev, Apostolova, 2008) , was observed also in the former pastures of northern Wales (Hill et al., 1992) , Polish part of Krkonoše Mts. (Fabiszewski, Wojtuń, 2001) , Norway region of Setesdal Vesthei (Austrheim et al., 2007; Speed et al., 2014) , and Polish part of Tatra Mts. (Korzeniak, 2016) .
